Background The Basic Arthroscopic Knee Skill Scoring System (BAKSSS) has construct validity as an objective measure of arthroscopic proficiency when used to assess the task of performing arthroscopic meniscectomies on cadaver knees. The reliability of this instrument is unknown. Questions/purpose We asked whether (1) a simple modification of the BAKSSS would show construct validity similar to that in the initial BAKSSS study, (2) this assessment would be reliable, and (3) this assessment could be used as a high-stakes pass or fail test. Methods Twenty-three orthopaedic residents performed diagnostic knee arthroscopies on cadaveric knee specimens. Their competency was assessed by three live raters using the modified BAKSSS. Interrater reliability was assessed by comparing the scores given by each rater to each subject.
Introduction
Traditionally, the surgical competency of residents has been assessed by an attending educator's observations in the operating room, subjective end-of-rotation evaluations, and case logs. There has been a demand for more objective measures of surgical technical skill, and these measures have been used successfully by multiple disciplines [5, 10, 11, 13, 17, [19] [20] [21] .
Similar tools have been studied for use in orthopaedic assessment [3, [6] [7] [8] [14] [15] [16] . Insel et al. [8] developed the Basic Arthroscopic Knee Skill Scoring System (BAKSSS) as an objective measure to evaluate the performance of arthroscopic meniscectomy on a cadaver knee in the bioskills laboratory. Establishing the reliability and validity of such Each author certifies that he or she has no commercial associations (eg, consultancies, stock ownership, equity interest, patent/licensing arrangements, etc) that might pose a conflict of interest in connection with the submitted article. All ICMJE Conflict of Interest Forms for authors and Clinical Orthopaedics and Related Research editors and board members are on file with the publication and can be viewed on request. Clinical Orthopaedics and Related Research neither advocates nor endorses the use of any treatment, drug, or device. Readers are encouraged to always seek additional information, including FDA-approval status, of any drug or device prior to clinical use. Each author certifies that his or her institution approved the human protocol for this investigation, that all investigations were conducted in conformity with ethical principles of research, and that informed consent for participation in the study was obtained. assessment tools is critical to ensure accurate trainee evaluation. Validation of an assessment tool can be established by proving content validity, construct validity, predictive validity, test-retest reliability, internal consistency, and interrater reliability [18] . Insel et al. [8] established the content validity and construct validity of their instrument; however, they did not assess the reliability of the BAKSSS. In our opinion, a scoring system that could be used to evaluate diagnostic knee arthroscopy, one of the first skills trainees learn, would be valuable to orthopaedic educators. In search of such a tool, we reviewed the BAKSSS and thought it could be easily modified to accomplish this goal.
We asked whether (1) a simple modification of the BAKSSS would show construct validity similar to that in the initial BAKSSS study, (2) this assessment would be reliable, and (3) this assessment could be used as a high-stakes pass or fail test.
Materials and Methods
We sent a recruitment email and information letter to all 34 orthopaedic residents in a single orthopaedic program in November 2011. Twenty-three of the 34 residents (13 juniors and 10 seniors) self-enrolled in this study and completed a short online demographics survey. Demographic questions pertained to sex, handedness, postgraduate year (PGY), and the number of cases that were logged in the Accreditation Council for Graduate Medical Education weblog under ''arthroscopy of the knee/femur'' ( Table 1) . Participants who completed the study and demographics survey were given $10 gift cards as compensation. This study was approved by the research subjects review board.
A power analysis was conducted for a b of 80% and an a of 0.05. Based on the original data from Insel et al. [8] , a clinically important difference of 10 points on the modified BAKSSS and a SD of 7 for each group were assigned. The power analysis suggested a minimum of eight subjects per group (junior versus senior) would be required to identify meaningful differences.
The simulated procedures were performed at the University of Rochester's Kenneth Dehaven Arthroscopic Skills Laboratory. Two arthroscopic stations, one for right cadaveric knees and the other for left cadaveric knees, were set up in the skills laboratory. Residents were assigned to complete diagnostic arthroscopies of either the right or left knee, based on the date of the session they completed the study. Knee assignments were alternated from session to session and resulted in nine residents assigned to perform diagnostic knee arthroscopies on the right knee and 14 residents assigned to the left knee. Before entering the laboratory, participants were asked to view a 4-minute video example of a trained surgeon performing diagnostic arthroscopy of the knee. In the laboratory, an attending surgeon (GN) was present at the arthroscopic station to assist the residents if they were unable to complete the task and to provide feedback after completion. Each participant's performance was assessed using the modified BAKSSS by three raters (one attending surgeon [GN] and two medical students [RK, TO]).
The BAKSSS consists of a 10-item, task-specific checklist and a 10-item global rating scale [8] . The global rating scale is a Likert-type scale, with a possible range of scores from 1 (lowest level of performance) to 5 (highest level of performance). Insel et al. [8] created weighted descriptors for scores 1, 3, and 5 on all 10 items. The original BAKSSS also used a task-specific checklist to assess 10 tasks determined to be important for performing diagnostic arthroscopy and partial meniscectomy. For this study, the task-specific checklist was not used, as global rating scales alone reportedly have better psychometric properties than checklists or a combination of a checklist and global rating scale [1] . One item, dissection, was omitted from the global rating scale. To limit the cost of the study, the same two cadaveric specimens were used for the entire study. As a result, all arthroscopic portals had to be made previously, and no other dissection was performed; therefore, this category could not be rated in this setting. Participants were assessed using this nine-item, modified BAKSSS global rating scale, including the parameters of instrument handling, depth perception, bimanual dexterity, flow of operation, knowledge of instruments, efficiency, knowledge of procedure, autonomy, and quality of the final product (Appendix 1).
The raters consisted of one attending surgeon and two medical students, each with previous experience using the BAKSSS global rating scale. All three raters simultaneously rated the performance of each participant in the skills laboratory, with each rater blinded to the scores given by the other raters. One medical student was blinded to the year in training of the residents. In keeping with the original BAKSSS study design, a second unblinded medical student also was used as an evaluator. The attending surgeon was not blinded. All three raters underwent rater training, which consisted of one session in which they were instructed on the intraarticular anatomy using a surgical video, a demonstration of diagnostic arthroscopy on one of the cadaveric specimens by a fellowship-trained sports medicine subspecialty physician, and instructions regarding how to use the BAKSSS to rate these videos. This training session was similar to that described in other published studies that evaluated analogous assessments [8, 19] . To evaluate the modified BAKSSS as a proficiency assessment of diagnostic knee arthroscopic surgical skill, a minimal proficiency threshold was arbitrarily set as a total modified BAKSSS score of 30 of 45. This would be equivalent to one better than the average score (3) in each category, plus a score of 5 for autonomy. Residents were given a pass for a score of 30 or greater and a fail for a score less than 30.
A weighted Kappa statistic (j) was used to assess interrater reliability between each of the three raters [4, 9] . A weighted Kappa statistic also was used to assess agreement between Rater 2 and Rater 3 for each domain of the modified BAKSSS. Residents were grouped into junior (PGYs-1 and 2) and senior (PGYs-3-5) resident categories, and a Student's t-test was used to compare the mean modified BAKSSS score for each group. A CI was set at 95%. The total pass rate by all raters for each PGY was determined. Kappa statistics were used to assess agreement between the raters when BAKSSS was used as a pass or fail test. Statistical analysis was performed using MedCalc software v12.1.4 (MedCalc, Mariakerke, Belgium).
Results
The modified BAKSSS global rating scale showed construct validity for assessment of diagnostic knee arthroscopy. Junior resident scores (mean score, 20) were significantly lower than senior resident scores (mean score, 33) (p \ 0.001) (Fig. 1) .
The interrater reliability of the modified BAKSSS global rating scale total score varied between K = 0.69 to Mean Modified BAKSSS Global Rating Scale Score Fig. 1 The mean modified BAKSSS global rating scale scores of junior (PGYs 1-2) residents were lower (p \ 0.001) than those of the senior (PGYs 3-5) residents: 20 and 33, respectively. K = 0.85. For each individual domain, the j values for the two medical student raters (Raters 2 and 3) ranged from 0.41 to 0.81 ( Table 2) . When the modified BAKSSS was used as a pass or fail test, the interrater reliability between Raters 2 and 3 was only 0.54.
Discussion
The competency-based assessment of surgical technical skill is becoming increasingly important [2, 12] . After reviewing the BAKSSS, we thought that this tool could be easily modified to measure a surgeon's arthroscopic proficiency for one of the first skills that new trainees learn; that of diagnostic knee arthroscopy. In this investigation, we asked whether (1) this simple modification of the BAKSSS would show construct validity similar to that in the original BAKSSS study, (2) this assessment would be reliable, and (3) this assessment could be used as a highstakes pass or fail test.
Our study has several limitations. First, similar to the initial BAKSSS validation study [8] , we used live raters which makes blinding difficult. Knowing that this was a substantial limitation to the original BAKSSS study, we did ensure that one of the raters was strictly blinded. The level of agreement for the two medical student raters (Rater 2 unblinded and Rater 3 blinded) was j = 0.685 leading us to believe that the assessment was sufficiently reliable for our purposes. Second, the threshold for passing (minimal proficiency) was arbitrarily chosen at 30. This number seemed to have the most face validity as it indicates at least an average score for each of the nine domains assessed and a perfect score for autonomy which we thought was an important indicator of minimal proficiency. The pass rate as determined by Rater 3 when the threshold for passing was set at 30 was 43%. Pass rates were no different when similar but equally arbitrary scores of 29 (52%) or 31 (43%) were used (p = 0.75 and p = 0.77 respectively). Third, the raters used in this study had differing levels of arthroscopic expertise (two medical students and one attending orthopaedist). This seemed to have a minimal effect, as there was no difference between average BAK-SSS scores given by the attending surgeon and the medical students. This may not be the case, as the complexity of the procedures being evaluated increase to a point where it may be necessary that raters have more experience performing the procedures themselves. This study was designed to closely mimic the original BAKSSS, and medical student raters, experienced in using the BAKSSS, (in addition to the attending physician) were used. Fourth, we were limited because we were modifying an existing scale and perceived flaws in that scale were carried forward to this study. For example, it can be questioned whether domains that primarily assess content knowledge should be included on an assessment of technical skill. Although it is necessary for residents to know their surgical instruments and procedures, these content knowledge domains can be assessed in other ways. Although this limitation does not influence the overall outcomes of our study it is interesting that deleting the cognitive domains ''knowledge of instruments'' and ''knowledge of specific procedure'' would have decreased the overall reliability of the BAKSSS. Fifth, owing to the financial constraints of the study, only two cadaveric specimens were provided and all residents used the same portals. We therefore could not evaluate portal placement which is an integral part of any arthroscopic procedure. Despite this shortcoming however, the modified BAKSSS was able to discriminate proficiency between junior and senior residents. Finally, we tested only construct validity. We did not assess face validity, content validity, or criterion-related validity. These would need to be the subject of further study.
Similar to Insel et al. [8] , we were able to show the construct validity of the modified BAKSSS, as residents with less experience scored much lower than those with more experience. Our residents, however, did not show the same gradual improvement in their BAKSSS scores with each postgraduate year in training, as was seen in the initial validation study of the BAKSSS [8] (Fig. 2) . Since diagnostic knee arthroscopy is a relatively simple procedure, it likely has a shorter learning curve than that of arthroscopic partial meniscectomy. For simple tasks, global rating scales, such as the BAKSSS, have a harder time identifying differences between groups of trainees because of the ''ceiling effect'' [1] . In our program, most residents are not exposed to an extensive amount of arthroscopy until the third postgraduate year, when the experience is quite intensive with a high volume of cases. This may explain the similarity between group scores for junior (PGY-1 and PGY-2) and senior residents (PGY-3, PGY-4, and PGY-5). The interrater reliability of the BAKSSS has not been assessed before. Without adequate interrater agreement these types of tools are not as useful. Poor interrater agreement increases the time commitment required of the rater, as one individual is needed to rate all subjects. In addition, if there are considerable variances in rater scores, it is not possible to accurately compare results from multiple studies where different raters are used. Worse, if more than one rater is used in a study, it could result in incorrectly accepting or rejecting the study hypothesis if rater scores show considerable variability. The interrater reliability for our modified BAKSSS global rating scale varied between 0.685 to 0857 which is consistent with similar studies ( Table 3 ). The agreement however was lower for many of the individual domains ( Table 2 ). Future scoring systems should focus on using descriptors designed to eliminate variability in rater scores for each domain to maximize the reliability of the instrument.
It is possible that a scoring system similar to BAKSSS may be used as a high-stakes test. For this purpose, the construct seems valid, as pass rates increased as the PGY of the tested resident also increased (Fig. 3) . The interrater reliability however was only 0.543. Of the 23 residents, only five (two were PGY-4, and three were PGY-5) received passing scores (30 or greater) from all raters. Ten (all PGYs-4 and 5 residents, and one PGY-3 resident) received passing scores from at least one rater. The pass rate, therefore, varied from 21% (five of 23) to 43% (10 of 23), depending on which rater was performing the examination. We believe this variability was too great at this point for the modified BAKSSS to be considered feasible for high-stakes testing.
We believe an ideal assessment tool for high-stakes testing would be generalizable to multiple arthroscopic procedures without the need for modification, (this would eliminate the need to rigorously validate multiple tools specific to each procedure), would allow for video-based assessments (this would facilitate the blinding of assessors), and would show a high level of interrater reliability.
We believe that the modified BAKSSS shows construct validity for assessment of diagnostic knee arthroscopy Modified BAKSSS Global Rating Scale Score Fig. 2 The mean modified BAKSSS global rating scale scores by resident PGY are shown. After PGY2, the mean scores increased as PGY of the resident increased. skill. When compared with other surgical assessments, it has similar levels of interrater agreement; however, improvement in this area would make the instrument more useful. In its current state, it is not feasible to use as a highstakes test. The development of future assessments which are generalizable to multiple procedures without the need for modification, allow for video-based assessments, and are rigorously tested for reliability may better facilitate high-stakes testing.
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